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Expected Drill Bit Temperature During
Sample Taking in Single Shell Tanks

Introduction

The waste in several	 single-shell tanks are to be characterized.	 This

characterization requires samples of the waste be obtained. 	 The samples

are planned to be taken by using a drilling rig to take 20 inch sample

cores.	 A determination of the expected drill bit temperature was needed
for the Safety Analysis Report (SAR). 	 This work addresses some temperature
questions that occurred in the aevelopment of the SAR for the waste tank

r core sampling (to be released as SO-WM-SAR-007).

c Summary

-- Sampling of waste in single-shell	 tanks is to be done using the tank core
sampling equipment. 	 A core drilling rig will	 drill	 into the waste to

Q' •̀,^ retrieve samples.	 The bit temperature is important because some of the
tanks contain ferrocyanide that could undergo an exothermic reaction ifle,
temperatures significantly exceed 300 0C (572 0 F).	 Heat generation rates
were calculated as a function of applied hydraulic pressure, 	 which is used
to increase the downward force on the drill bit, drill 	 rpm, and the

friction factor.	 This heat generation rate was used in a HEATING5 heat

transfer model to determine the expected heat rise. 	 Assumino a sliding
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Discussion

To calculate the temperature of the drill bit requires that the heat
generated by the action of the bit be determined. It was assumed that all
of the energy needed to turn the drill was converted to heat. In Appendix
A is an equation for calculating the heat generated. Heat generated by the
drill bit is related to the friction factor, the hydraulic pressure applied
to the bit, and the rpm of the drill.
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The analysis assumed values of friction factor for a worst case of running
the drill into the bottom of the tank. This condition was assumed because
the friction factor is expected to be higher for steel on steel as opposed
to steel on waste. The friction factor used for the drill turning and then
touching the bottom was .12. This friction factor is for sliding greasy
conditions. Greasy conditions apply when two rubbing surfaces are
separated by a very thin film of lubricant. This kind of condition would
be expected to exist because of the tanks are not totally dry and the bit
will be turning when it touches the bottom of the tank. For dry (non

greasy) conditions, the sliding friction factor would be .41.

For the case of having the drill bit sitting on the bottom and then

starting to spin the drill,	 the friction factor is .23. 	 For dry

conditions,	 the static friction factor would .78. 	 The static friction

factors are for static conditions which would not apply after the drill

^- starts to move.	 This condition would only exist for a few seconds after

torque was applied to the drill 	 string.

C"
The hydraulic pressure is used to create additional downward force on the

drill bit.	 The pressure is applied directly to rams which in turn create a

;- downward thrust on the bit.	 A maximum of 2000 psi can be applied to the

bit by the way of two 2-inch rams.	 The drill bit temperature was

calculated for various applied hydraulic pressures from 0 to 2000 psi. 	 Twoy
drill speeds were considered:	 500 rpm and 200 rpm.	 The analysis assumed

r° that the drill would be running against the bottom for between 1 and 6
minutes (this is expected to be conservative especially for the cases using

y8 static friction factor since static conditions only exist for a few

seconds.)

The various heat generation rates calculated were used in a HEATING5 heatn.-.
transfer model to determine temperature increase as a function of the heat

generated by the bit. 	 The assumptions and simplifications used for the
HEATING5 heat transfer model are outlined in Appendix B. 	 The heat transfer

up the drill string was included in the heat transfer model.	 The model did
not include the effect of air or fluid that will be fed down the drill

string.

The temperature rise versus heat generation rate was used to determine the

temperature of the drill bit. 	 Calculations of the heat generation and the

results of temperature rise are shown in Appendix A.
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Results

Using various applied hydraulic pressures and sliding friction factors,
the bit temperature increase can vary from 0 to 103 0C (0 to 1730F), see

Table A.1 and A.2 in Appendix A. Table 1 shows the expected bit
temperatures for all the tanks to be sampled assuming that the full
hydraulic pressure (2000 psi) is applied to the drill bit, the drill was
turning at 500 rpm for 6 minutes and the friction factor is for sliding

conditions - greasy and dry. Under greasy conditions, the drill bit
temperature would rise by 30 0C. For the hottest tank, the temperature of

the drill bit would reach 100 0C. If the single-shell tanks are totally
dry, the temperature rise would be 103 0C,'causing the bit to reach 1730C
for the hottest tank. Table 2 is for 300 psi applied hydraulic pressure,
200 rpm and drill spinning of one minute with friction factors for sliding
conditions. The temperature rises are 1 and 3 0C for greasy and dry

situations, respectively.

r	 Conclusion

The results of the calculations show that drill bit temperatures will not
cause ferrocyanide to undergo an exothermic reaction. In the worst case of
trying to drill through the bottom of the tank and applying full pressure,
the drill bit temperature will be 100 and 1730C for greasy and dry sliding
conditions, respectively. These temperatures are well below the 3000C
temperature /limit.

D. C. Riley, Advanced Engineer
Waste Management Process Group

j	 DCR/sjw

Att.

cc: J. N. Appel
J. C. Fulton
D. A. Smith
R. A. Van Meter
T. B. Veneziano
File/LB



.	 ..1..	 ^.. v.	 .•,m+rne.u:::)n^A.:atSWii4'.•x•J'.::a'!!11)iS9lHtn y '.Y•ttv •.UitK :Y; ^tq..;: ., ... :••: :.:. •.: 	 ..^	 .....

TABLE 1

Bit Temp, oC
2000 psi Applied

Maximum Tank 300 rpm for 6 min.
Tank Temperature Sliding Condition Date of

Number of oC Greasy Dry Measurement

Friction Factor .12 .41

BY-104 158 70 100 173 3/03/85
BY-105 133 56 86 159 4/01/85
BY-106 140 60 90, 163 4/01/85
BY-107 90 32 62 136 10/07/78
BY-108 99 37 67 141 3/05/85
BY-110 140 60 90 163 5/17/85

,.s BY-112 93 34 64 137 6/21/81

C-101 82.9 28 58 132 1/15/85
C-108 83 28 58 132 8/05/83

-- C-109 87 31 61 134 8/05/83
C-111 83 28 58 132 8/05/83

r C-112 79 26 56 129 8/05/83

T-101 72 22 52 126 5/10/83

TY-101 68 20 50 123 11/13/83
• .r TY-102 65 18 48 122 11/13/83

TY-103 76 24 54 128 2/07/81
TY-104 68 20 50 123 11/13/83
TY-105 89 32 62 135 11/13/83

"- TY-106 68 20 50 123 11/13/83
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TABLE 2
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Bit Temp, oC
300 psi Applied & 200

Maximum Tank rpm Sliding Condition

Tank Temperature for 1 Minute Date of

Number OF oC Greasy Dry Measurement

Friction Factor .12 .41

BY-104 158 70 71 73 3/03/85

BY-105 133 56 55 59 4/01/85

BY-106 140 60 6;. 63 4/01/85

BY-107 90 32 33 35 10/07/78

BY-108 99 37 38 40 3/05/8.5

BY-110 140 60 61 63 5/17/85

BY-112 93 34 35 37 6/21/81

C-101 82.9 28 29 31 1/15/85

C-108 83 28 29 31 8/05/83

C-109 87 31 32 34 8/05/83

C-111 83 28 29 31 8/05/83

C-112 79 26 27 29 8/05/83

T-101 72 22 23 25 5/10/83

TY-101 68 20 21 23 11/13/83

TY-102 65 18 19 21 11/13/83

TY-103 76 24 25 27 2/07/81

TY-104 68 20 21 23 11/13/83

TY-105 89 32 33 35 11/13/83

TY-106 68 20 21 23 11/13/83
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Article 35	 FRICTION LN 7fACIMES	 253

clearance space with a change from zero at the fixed inner surface of the bear-
ing to the pe ripheral velocity u of the shaft at its outer surface. For the radial
clearance c, the velocity gradient has the magnitude Idu/dd = u/c t rru/c,

where w is the angular velocity of the shaft in radians per second. The shear
stress on the surface of the sha ft from Eq. 47 is

_ du _ prm
r_LL ldrl 	 r

and the frictional moment for a bearing of length 1 with surface area A = 2srl

becomes

2-rpr3lw	 7
M = rAr =

	

	 (5_)
c

whereµ is the absolute viscosity of the lub rican t.
(d) DMZTz-, n4-P-'Lv—=.r]:cj3A Friction between circular surfaces under nor-

mal pressure is encountered in pivot bea rings, clutch plates, and disk brakes.
Consider the two flat circular disks of Fig. 79 whose shafts are mounted in
bearings (not shown) so that they can be brought into contact under the

axial force l . The maximum torque that this clutch can transmit will be equal
to the torque M required to slip one disk a gainst the other. Ifp is the normal
pressure at any location between the plates, the f

ri
ctional force acting on an

elemental area is fp dA, where f is the friction coefficient and dA is the area

r dr dB of the element. The moment of this elemental friction force about the
shaft axis is fpr" and the total moment is

M= ffprdA

Oil

H

Shag 

I
^ 	 ^ —	 ' 	 r

Bearing	
^ r ^^

Figure 78

dO

At it R

Pry ' _ p

At

_.	 Figure 79

M

,,
i
I



254	 FRIMON	 Chapter r,

where the integral is evaluated over the area of the disk. To carry out this
intesral the variation of I and p with r must be known.

In the following examples Jis assumed to be constant. Furthermore. if
the surfaces are new. flat. and well supported. it is reasonable to assume that
the pressure p is constant and uniformly distributed so that -Rp = P. Sub-
stitutine this constant value of  in the expression for M gives

R
4 I f f r=drdO=}JPR	 (53)

T. 	 n	 n

This result may be interpreted as being equivalent to the moment due to a
friction force JP acting at a distance 2R/3 from the center of the shaft.

the limits of integration are the inside and
outside radii R t and R„ respectively, and the frictional torque becomes

7P— T--

After some wear of the surfaces has taken place. it is found that the fric-
tional moment decreases somewhat. When the wea ring-in pe riod is over, the
surfaces retain their new relative shape and further wear is therefore constant
over the surface. This wear depends on the circumferential distance traveled
and the pressure p. Since the distance traveled is proportional to r, the ex-
pression rp = K may be written. where K is a constant. The value of K is de-
termined by equating the axial forces to zero. or

R

P= f p d,4 = K f f or dB = 2cKR
^	 4

With pr = K = P; (2^R), the expression for ,tit may be w ri tten

R
M= f Jpr dd= fR f f rdrdB

which becomes

M = }JPR
	

(54)

The frictional moment for worn-in plates is, therefore. only (})/(}). or ; as
much as for new surfaces.

If the friction disks are rings of inside radius R, and outside radius R,
substitution of these limits in the integrations shows that the frictional torque
for worn-in surfaces is

M = }JP(R, + Ri )	 (54a)

(e) Belt Friction. The impending slippage of flexible members such as belts
and ropes over sheaves and drums is of impo rtance in the desi gn of belt
d rives of all types. band brakes, and hoisting rigs. In Fig. 80 is shown a drum
subjected to the two belt tensions Tt and T2, the torque M necessa ry to pre-
vent. rotation, and a bearing reaction R. With M in the direction shown, T2
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FRICTION
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Dudley D. Fuller

Rarsaancas: Bowden and Tabor. "The Friction and Lubrication of Solidi" Oxford.
Fuller. "Theory and Practice of Lubrication for Enginee rs," Wiley. Ham and Crane. "Me-
,1, nits of Sluhinery." \1cGraw-Hill. Bevan, • 'Theory• of Machines." Longman. VaBanee
and Doughtie. "Design of Maclaine Members:' McGraw-Hill.

Friction is the resistance that is encountered when two solid surface., slide or tend
to elide over each other. The surfaces may be either dry or lub ricated. In the first
case, when the surfaces are free from con

ta
minating fluids, or films, the resistance is

called drf frictlaa. The friction of brake shoes on the rim of a wheel is an example of
dry friction.

When the rubbing surfaces are separated from each other by a very thin film of
lubricant, the friction is that of The lubrication
depends in this case on the strong adhesion of the lub ricant to the mate rial of the rubbing
surfaces: the Were; of lub ricant slip over each other instead of the dry surfaces. A
journal when sta rt ing, reversing, or turning at very low speed under a heavy load is
an example of the condition that will cause boundary lub rication. Other examples are
gear teeth (especially hypoid gea rs ), cutting tools, wiredrawing dies, power ee rew•s,
bridge trunions, and the running - in process of most lub ricated surfaces.

When the lubrication is arranged co that the rubbing surfaces are separated by a
fluid film, and the toad on the surfaces is carried entirely by the hydros tatic or hydro-
dynamic pressure in the film. the friction is that of complete (or viscous) lubrication.
in this ca sse, the frictional losses are due solely to the inte rnal fluid friction in the film.
Oil ring bearings, hearings with forced feed of oil, pivoted show-type thrust bearings
ope

rating in m oil bath, hyd
rostatic oil pads, oil lifts, and step hearings are instances

of complete lubrication.
Incomplete lubrication or mixed lub rication takes place when the lead on the rubbing

surfaces is carried partly by a fluid viscous film and panty by arvaso f boundary lubrica-
tion. The friction is intermediate between that of fluid and
houodar• lub rication. Inco mplete lubrication exists in bear- 	 p

ings with drop-feed, waste-packed, or wick-fed lub rication, or
on the guides of a crosshead. 	

RI \	 'STATIC AND SLIDING COEFFICIENTS OF FRICTION	

9c,

F, 9

In the abseace of friction, the resultant of the forms between	
,R oo N

the surfaces of two bodies pressing upon each other is normal
to the surface of contact. With friction, the resul tant deviates	 Fm 1
from the normal.

If one body is pressed against another by a force P, as in Fig. 1, the first body will
not move, provided the angle no included between the l ime of action of the force said a
normal to the surfaces in contact does not exceed a ce rtain value which depends upon
the rature of the surfaces. The resultant force R has the same magnitude and line of
action as the force P. In Fig. 1, R is resolved into two componen ts : a force N normal
to the surfaces in 

contact and a force F, parallel to the surfaces in contact. From the
above statement it follows that

F, 5 N tan ae $ Mt.
3-39
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TABLE A.1

Based on Tank Temperature of BY-104 (158 oF, 700C)

for 500 rpm Drill Speed and 6 minute Spin Time

Friction Pressure Applied, psi

Factor 0 500 1000 1500 2000

Sliding Heat Generation 504 7312 14120 20928 27736

Greasy KBTU/hr ft3
Temperature Rise

O F 1 14 27 41 54

0.12 oC .5 7 15 22 30

Drill	 Bit Temperature
OF 159 172 185 199 212

oC 71 78 85 93 100

Sliding Heat Generation 1723 24984 48245 71506 94766

Dry KBTU/hr ft3
Temperature Rise

O F 3 49 94 140 186

0.41 oC 2 27 53 78 103

Drill	 Bit Temperature
OF 161 207 253 298 344

oC 71 97 123 148 173

Static Heat Generation 966 14015 27064 40113 53161

Greasy KBTU/hr ft3
Temperature Rise

OF 2 28 53 79 104

0.23 oC 1 15 30 44 58

Drill	 Bit Temperature
OF 160 186 211 237 262

oC 71 85 100 114 128

Static Heat Generation 3279 47531 91783 136035 180288

Dry KBTU/hr ft3
Temperature rise

OF 6 93 180 267 354

0.78 oC 4 52 100 148 197

Drill Bit Temperature
OF 164 251 338 425 512

oC 74 122 170 218 267

Temperature rise are based on the results of HEATINGS runs.



TABLE A.2

Based on Tank Temperature of BY-104 (1580F, 700C)
for 200 rpm Drill Speed and One Minute Spin Time

Friction Pressure Applied, psi
Factor 0 500 1000 1500 2000

Sliding Heat Generation 201 2925 5648 8371 11094
Greasy KBTU/hr ft3

Temperature Rise
O F .19 2.8 5.4 8.0 11

0.12 oC .11 1.6 3.0 4.5 5.9
Drill	 Bit Temperature

OF 158 161 163 166 169
oC 70 72 73 74 76

Sliding Heat Generation 689 9994 19298 28602 37906
` Dry KBTU/hr ft3

Temperature Rise
OF 0.66 9.6 18 27 36

0.41 oC 0.37 5.3 10 15 20
Drill	 Bit Temperature

o f 154 168 176 185 144
oC 70 75 80 85 90{ r

Static Heat Generation 386 5606 10825 16045 21264
,o Greasy KBTU/hr ft3
' Temperature Rise

_- of .37 5.4 10 15 20
0.23 oC .21 3.0 5.8 8.5 11

Drill	 Bit Temperature
O F 158 163 168 173 178
oC 70 73 76 79 81

Static Heat Generation 1311 19012 36713 54414 72115
Dry KBTU/hr ft3

Temperature rise
O F 1.3 18 35 52 69

0.78 oC .7 10 20 29 38
Drill	 Bit Temperature

OF 159 176 193 210 227
oC 71 80 90 99 108

Temperature rise are based on the results of HEATING5 runs.
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APPENDIX B

Assumptions and Simplifications

Several simplifications and assumptions were made in order to model the
sampling of the waste in single-shell tanks using the HEATING5 heat transfer
computer code. The following is a list of assumptions and physical data used
in this analysis.

1.	 Heat transfer across air spaces in the tank is by radiation and natural
convection.

2. Thermodynamic properties of the concrete in the dome were assumed to be
equal to soil properties to simplify modeling. The real concrete
properties were used in the tank walls and base. This assumption will
make the dome temperature slightly higher.

3. An adiabatic or insulated boundary was placed at a radial distance of 60
feet from the tank center. This assumptions is reasonable and simulates
a tank in the middle of a large array of tanks, all generating the same

amount of heat.

4. Lower boundary was placed at 200 feet below grade level at a constant

f'-± =	 550F.

1.^	 5.	 A forced convection boundary condition was placed on the soil surface,
simulation heat transfer to the atmosphere at 70 OF with a heat transfer
coefficient of 2.0 BTU/hr ft20F.

6. The metal of the primary and secondary shells were ignored.

7. The heat transfer up the drill string was included in the modeling.
R.	

8.	 Axisymmetric symmetry is assumea. The two-dimensional cylinder (R, Z
coordinates) heat transfer models are defined in Figure B.I. This
assumption tends to make the calculations conservative by reducing the
surface area through which heat is transferred to the upper and lower

boundaries.

9.	 The waste is assumed to be cylindrical slab of uniform thickness, thermal
conductivity, and power density. Actual tanks have layered solids and
varying degrees of nonuniformity of thermal properties. The resultant
temperatures may be somewhat higher or lower, depending on how the heat-
generating material is distributor.
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10. Physical properties:

Thermal Specific
Conductivity Density Heat

Material BTU/ft hr of lb/ft BTU/lb of

Soil .25 113 .22

Concrete .54 144 .21

Drill	 String 30.0 491 .11

Waste 1.0 1.0 22.60
(Volumetric
Specific Heat)

Insulating
Concrete .11 62.0 .2

Soil, concrete, and insulating concrete values from Reference 1.
Waste property from Reference 2.
Drill String Properties is for carbon steel.
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FIGtRE 8.1 Single-Shell Tank Heat Transfer Model.
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